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Abstract 



A chip antenna (10) includes, inside a rectangular-parallelepiped base (11) having barium oxide, aluminum 
oxide, and silica as main constituents, a conductor (12) wound in a spiral form along the length direction of 
the base (11), and an LC parallel resonance circuit (13), which is inserted in the intermediate portion of the 
conductor (12) and which is connected electrically in series with the conductor (12), and includes, on the 
surface of the base (1 1), a power-feeding terminal (14) for applying a voltage to the conductor (12). The 
conductor (12) is separated into a first conductor (121) and a second conductor (122) by the LC parallel 
resonance circuit (13). The LC parallel resonance circuit (13) is formed of a coil L1, which is an indu ctance 



element, and a capacitor C1, which is a capacitance element, which are connected in parallel. 
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Description 



BACKGROUND OF THE ONVENTION 



1. Field of the Invention 

The present invention relates to a chip antenna and, more particularly, to a chip antenna for use in a mobile 
communication apparatus, such as a PHS (Personal Handy-phone System) or a portable telephone set 
using the chip antenna. 

2. Related Art of the Invention 



A print antenna which has a plurality of resonance frequencies and which can be used at a plurality of 
frequencies at the same time has been proposed in Japanese Unexamined Patent Publication No. 8- 
186420. Fig. 11 shows a conventional print antenna having a plurality of resonance frequencies, which can 
be used for two frequencies. A print antenna 50 is formed of a dielectric substrate 52 on which a monopole 
element 51 whose one end is connected to a power source V is printed. An anti-resonance circuit 54, 
which is a parallel circuit of a chip inductor 53a and a chip capacitor 53b, is inserted in the intermediate 
portion of the monopole element 51 , and the monopole element 51 is separated into a first antenna 
element 51a and a second antenna element 51b.The monopole element 51 resonates at a first frequency 
f1 (wavelength: lambda 1), and the length of the monopole element 51 at this time is approximately 1/4 
lambda . Also, the anti-resonance circuit 54 resonates at a second frequency f2 (wavelength: lambda 2). 
Further, since the first antenna element 51a is made to singly resonate at the second frequency f2, the 
length thereof is set at approximately 2/4 lambda . Since the anti-resonance circuit 54 resonates at the 
second frequency f2, the print antenna constructed as described above becomes equivalent to a state in 
which with respect to the second frequency f2, the second antenna element 51b is opened, and resonates 
at the first frequency f1 and also the second frequency f2. Thus, the print antenna has two resonance 
frequencies. 

The band width of the first and second frequencies f1 and f2 is determined by the width of the first and 
second antenna elements 51a and 51b. An increase in the width makes it possible to increase the band 
width of the first and second frequencies f1 and f2. 

However, according to the above-described conventional print antenna, if an attempt to realize a wider 
band is made, the width of the first and second antenna elements must be increased, causing the print , 
antenna to become enlarged, as a result, presenting the problem that it is difficult to form the mobile 
communication apparatus which mounts this print antenna into a smaller size. 



SUMMARY OF THE INVENTION 



An object of the present invention is to provide a small chip antenna having a plurality of resonance 
frequencies a mobile communication apparatus using the chip antenna, which overcome the above 
described problems and the other problems of the prior art antennas. 

The present invention provides a chip antenna, comprising: a base comprising at least one of a dielectric 
material and a magnetic material; at least one conductor provided at least one of within the base and on 
the surface of the base; and an anti-resonance circuit inserted in the intermediate portion of said conductor 
and electrically connected in series; and a power-feeding terminal provided on the surface of said base and 
electrically connected to one end of said conductor. 
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According to the above chip antenna, since there is provided an anti-resonance circuit, which is inserted 
into an intermediate portion of the conductor and which is connected electrically in series, the conductor 
resonates at the frequency corresponding to the length of the conductor. With respect to the frequency at 
which the anti-resonance circuit resonates, the state is reached which is equivalent to that in which from 
the position of the conductor at which the anti-resonance circuit is connected to the other end is opened.lf 
the length from one end of the conductor to the position at which the anti-resonance circuit is connected is 
set so that the conductor resonates at the frequency at which the anti-resonance circuit resonates, this chip 
antenna can have as resonance frequencies a frequency corresponding to the length of the conductor and 
a frequency corresponding to the length from one end of the conductor to the position at which the anti- 
resonance circuit is connected. 

Therefore, it is possible to realize an antenna having a plurality of resonance frequencies by one chip 
antenna. As a result, this can be used, for example, as a winding-up antenna for a portable telephone set, 
an antenna in which both transmission and reception are shared, and the like. 

By setting the total length of the conductor, and the length from the power-feeding terminal to the position 
at which the anti-resonance circuit is connected at any desired value, it is possible to set two resonance 
frequencies at any desired values. Therefore, this antenna can serve any desired mobile communication 
apparatus, and the like. 

Further, since the band width of a plurality of frequencies is determined by a stray capacitance generated 
between the conductor of the chip antenna and a ground of the mobile communication apparatus mounting 
the chip antenna, it is possible to realize a small chip antenna having a wide band width without enlarging 
the chip antenna itself. 

In the above described chip antenna, said anti-resonance circuit may be an LC parallel resonance circuit 
comprising an inductance element and a capacitance element 

According to the above chip antenna, it is possible to house the inductance element and the capacitance 
element within the base, comprising at least one of the dielectric material and the magnetic material, which 
forms the chip antenna, or to mount it. Therefore, it is possible to form the chip antenna having a plurality of 
resonance frequencies into a smaller size. 

In the above described chip antenna, at least one of the inductance element and the capacitance element 
which constitutes said anti-resonance circuit may be a variable element. 

According to the above chip antenna, it is possible to adjust the resonance frequency of the LC parallel 
resonance circuit by adjusting the value of the variable element, and as a result, it is possible to obtain a 
chip antenna having satisfactory antenna characteristics. 

In the above described chip antenna, said anti-resonance circuit may be mounted within said base. 

According to the above chip antenna, it is possible to form the chip antenna into a smaller size, the aging of 
the anti-resonance circuit is decreased, and the durability is increased, making it possible to enhance the 
reliability of the chip antenna. 

The present invention further provides a mobile communication apparatus, comprising: the above 
described chip antenna; a transmission circuit connected to said chip antenna; a receiving circuit 
connected to said chip antenna; and a housing which covers said chip antenna, said transmission circuit 
and said receiving circuit. 

According to the above mobile communication apparatus, since the above described chip antenna having a 
plurality of resonance frequencies is used, it is possible for one antenna to transmit and receive radio 
waves at a plurality of different frequencies. Therefore, it is possible to form the mobile communication 
apparatus into a smaller size. 

Other features and advantages of the present invention will become apparent from the following description 
of the invention which refers to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a see-through perspective view of a first embodiment of a chip antenna according to the present 
invention. 

Fig. 2 is an exploded perspective view of the chip antenna of Fig. 1. 
Fig. 3 is an equivalent circuit diagram of the chip antenna of Fig. 1 . 

Fig. 4 is a view showing the reflection loss and the voltage standing wave ratio of the chip antenna of Fig. 
1. 

Fig. 5 is a view showing the input impedance of the chip antenna of Fig. 1 . 

Fig. 6 is a see-through perspective view showing a modification of the chip antenna of Fig. 1. 

Fig. 7 is a see-through perspective view showing another modification of the chip antenna of Fig. 1 . 

Fig. 8 is a see-through perspective view of a second embodiment of a chip antenna of the present 
invention. 

Fig. 9 is a see-through perspective view of a third embodiment of a chip antenna of the present invention. 
Fig. 10 is an RF block diagram of an ordinary mobile communication apparatus. 
Fig. 1 1 is a top plan view showing a conventional print antenna. 

PREFERRED EMBODIMENTS OF THE PRESENT INVENTION 

Figs 1 and 2 are a see-through perspective view and an exploded perspective view of ' a «^ •mb^iment 
of a chip antenna according to the present invention. A chip antenna 10 comprises, within a base 111 haying 
barium oxide, aluminum oxide, and silica as main constituents, a conductor 12 wound in a spiral form along 
the length direction of the base 11, and an LC parallel resonance circuit 13, which is an antWTOnanoe 
circuit inserted in the intermediate portion of the conductor 12 and connected electrically in series wrth he 
conductor 12, and also comprises a power-feeding terminal 14 for applying a voltage to the conductor 12 
on the surface of the^ base 1 1 . 

The conductor 12 is separated into a first conductor 121 and a second conductor 122 by the LC parallel 
resonance circuit 13 Also, the LC parallel resonance circuit 13 is formed of a coil L1 , which is an 
inductance element, and a capacitor C1, which is a capacitance element, which are connected in parallel. 

One end of the first conductor 121 , which is one end of the conductor 12, is extended out on the 'end 
surface of the base 11, forming a power-supply section 15, and is connected to the power-feeing ^term nal 
14 Further, the other end of the first conductor121 is connected to one end of the coil L1 and a capacitor 
electrode 16 which forms the capacitor C1 inside the base 11. Further, end of tl^ sewnd ^ 
122 is connected to the other end of the coil L1 and a capacitor electrode 17 which forms me capacitor C1. 
Further the other end of the second conductor 122, which is the other end of the conductor 12, forms a 
free end 18 inside the base 11. With such a construction, the conductor 12 formed of the first and second 
conductors 121 and 122. and the LC parallel resonance circuit 13 become connected in series with each 
other. 

The base 1 1 is formed in such a way that rectangular sheet layers 1a to 1d formed of a dielectric material 
(relative dielectric constant: about 6.0) having barium oxide, aluminum oxide, and si Hca as main 
constituents are multilayered. Of these layers, on the surfaces of the sheet layers 1 a an id 1 b there i is 
provided conductive patterns 2a to 2h. which are formed of copper or a copper alloy and formed nearly in 
the shape of a letter L or nearly in a linear shape by printing, vapor deposition, bonding, or plating, and 
capacitor electrodes 16 and 17 which are formed nearly in a rectangular shape. 
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Further, on the surface of the sheet layer 1c, there is provided a meandering-shaped coil etectrode 3, 
which is formed of copper or a copper alloy by printing, vapor deposition, bonding, or plating and which 
forms the coil L1. Further, viaholes 19 are provided in the thickness direction at predetermined positions (at 
both ends of conductive patterns 2e and 2g, one end of conductive patterns 2f and 2h, and both ends of 
the coil electrode 3) of the sheet layers 1b and 1c. 

Then, by sintering the sheet layers 1a to 1d in layers and connecting the conductive patterns 2a, 2b, 2e, 
and 2f by the viahole 19, and connecting the conductive patterns 2c, 2d, 2g, and 2h by the viahole 19, a 
conductor 12, formed of the first and second conductors 121 and 122 wound in a spiral form, is formed 
along the length direction of the base 11 within the base 11. The axial direction of the spiral conductors 121 
and 122 are substantially perpendicular to the stacking direction of the sheet layers 1a through 1d. 

Fig. 3 shows an equivalent circuit diagram of the chip antenna 10 of Fig. 1. The chip antenna 10 comprises 
the conductor 12 formed of the first and second conductors 121 and 122 such that resistance components 
and inductance components are connected in series, and the LC parallel resonance circuit 13 such that the 
coil L1 and the capacitor C1 are connected in parallel. 

One end of the first conductor 121 is connected to the power-feeding terminal 14, and the other end is 
connected to one end of the LC parallel resonance circuit 13. Further, one end of the second conductor 
122 is connected to the other end of the LC parallel resonance circuit 13, and the other end forms the free 
end 18. 

In the chip antenna 10 having this construction, the conductor 12 resonates at the first frequency f1 . Also, 
with respect to the second frequency f2 at which the LC parallel resonance circuit 13 resonates, the state is 
reached which is equivalent to that in which from the position of the conductor 12 at which the LC parallel 
resonance circuit 13 is connected to the other end, that is, the second conductor 122, is opened. If the 
length from one end of the conductor 12 to the position at which the LC parallel resonance circuit 13 is 
connected, that is, the length of the first conductor 121 , is set so that the first conductor 121 resonates at 
the second frequency f2, the first conductor 121 resonates at the second frequency f2. 

As a result, the chip antenna 10 can have as resonance frequencies the first frequency f1 corresponding to 
the length of the conductor 12 and the second frequency f2 corresponding to the length of the first 
conductor 121. 

Table 1 shows f1, f2, f2-f1, BWa, and BWb in three types of the chip antenna 10 such that the length d1 of 
the conductor 12 and the length d2 of the first conductor 121 are varied, respectively, where BWa and BWb 
are a band width of the first and second frequencies f1 and f2, respectively, when the voltage standing 
wave ratio = 2. 
ld=[Table 1] Columns=8 

Head Col 1 : Sample No. 

Head Col 2 to 3: 

Head Col 4 to 6: 

Head Col 7 to 8: VSWR=2 

SubHeadCoM: 
SubHead Col 2: d1 [mm] 
SubHead Col 3: d2 [mm] 
SubHead Col 4: f1 [MHz] 
SubHead Col 5: f2 [MHz] 
SubHead Col 6: fl-f2 [MHz] 
SubHead Col 7: BWa [MHz] 
SubHead Col 8:BWb [MHz] 
19489812.8866.854.015.716.3 
29079874.0964.090.017.020.6 
39680790.0953.0163.015.418.0 



Fig. 4 shows the reflection loss and the voltage standing wave ratio of the chip antenna 10 of sample No. 1 
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in Table 1 In Fig. 4, the solid line indicates the reflection loss, the broken line indicates the voltage 
standing wave ratio, and point A and point B ( NAB LA marks in Fig. 4) indicate the resonance frequency. 

It can be seen from Table 1 and Fig. 4 that as a result of connecting the LC parallel resonance circuit 13, 
which is an anti-resonance circuit, in series with the conductor 12, the chip antenna 10 has two resonance 
frequencies. That is, it can be seen that an antenna having two different resonance frequencies by one 
chip antenna 10 can be realized. 

Further, by setting the length d1 from one end of the conductor 12, which is the power-supply section ,15. to 
the other end, which is the free end 1 8. and the length d2 from one end of the first conductor 121 to the 
other end at any desired values, it is possible to set two resonance frequencies at any desired values. 

The band width of the first and second frequencies f1 and f2 is determined by a stray capacitance 
generated between the conductor 12 of the chip antenna 10 and a ground (not shown) of a mobile 
communication apparatus mounting the chip antenna 10. By increasing the stray capactance. it is possible 
to increase the band width of the first and second frequencies f1 and f2. 

Fia 5 shows the input impedance characteristics of the antenna apparatus 10 shown in Fig. 1 . It can be 
mAl^Mit two resonance frequencies 812.8 MHz (point A) and 866.8 Mtta : (pom I B) ^ the 
ratio of the input impedance of the chip antenna 10 to the characteristic impedance of a h| 9h-frequency 
circuit section of a mobile communication apparatus and the like mounting the chip antenna 10 becomes 
1 09 and 0 99, respectively, and the input impedance of the chip antenna 10 nearly coincides with the 
characteristic impedance of a high-frequency circuit section of a mobile communication apparatus 'and the 
like mounting the chip antenna 10. That is, it can be seen that a matching crcuit for adjusting .mpedance is 
not required. 

Fias 6 and 7 show see-through perspective views of modifications of the chip antenna 1 0 of Fig. 1 . A chip 
antenna 10a of Fig. 6 comprises a rectangular-parallelepiped base 1 1a, a conductor 12a wound in a .spiral 
form along the length direction of the base 11a on the surface of the base 11a, an LC parallel Resonance 
circuit 13a, which is inserted in the intermediate section of the conductor 12a and connected electrically in 
series with the conductor 12a and which is formed inside the base 1 1a, and a power-feeding terminal 14a, 
formed on the surface of the base 11a, for applying a voltage to the conductor 12a. 

The conductor 12a is separated into a first conductor 121a and a second conductor 122a ,bv 'the LC parallel 
resonance circuit 13a. The LC parallel resonance circuit 13a is formed of a coil L1 and a capacitor CI, 
which are connected in parallel. 

One end of the first conductor 121a is connected to the power-feeding terminal 14a on the surface of the 
base 11a and the other end of the first conductor 121a is connected to one end of the coil U and a 
capacitor'electrode 16a which forms the capacitor C1 via a viahole 19a. Further one end of the second 
conductor 122a is connected to the other end of the coil L1 and a capacitor e ectrode 17a which i forms the 
capacitor C1 via the viahole 19a, and the other end of the second conductor 122a forms a free end 18a on 
the surface of the base 1 1a. 

In this case since the conductor 12a formed of the first and second conductors 121a and 122a can be 
formedlalily byscreen printing and the like on the surface of the base 1 1 a, the manufactunng step of the 
chip antenna 10a can be simplified. 

A chip antenna 10b of Fig. 7 comprises a rectangular-parallelepiped base 11b. a conductor 12b formed in a 
mean^e?.ng shape on thi surface (one main surface) of the base 1 1 b, an LC para el resonance circuit 
13t T which is inserted in the intermediate portion of the conductor 12b and connected electrically m senes 
with the conductor 12b and which is formed inside the base 11b, and a power-feeding terminal 14b. formed 
on the surface of the base 11b, for applying a voltage to the conductor 12b. 

The conductor 12b is separated into a first conductor 121b and a second conductor 122a by the LC parallel 
resonance circuit 13b. The LC parallel resonance circuit 13a is formed of a coil L1 and a capacitor C1, 
which are connected in parallel. 

One end of the first conductor 121 b is connected to the power-feeding terminal 14b on the surface of the 
base 1 1b, and the other end of the first conductor 121b is connected to one end of the coil L1 ana a 
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capacitor electrode 16b which forms the capacitor C1 via a viahole 19b. Further, one end of the second 
conductor 122b is connected to the other end of the coil L1 and a capacitor electrode 17b which forms the 
capacitor C1 via the viahole 19b, and the other end of the second conductor 122b forms a free end 18b on 
the surface of the base 11b. 

In this case, since the conductor having a meandering shape is formed only on one main surface of the 
base, a lower height of the base can be achieved, consequently also achieving a lower height of the 
antenna main unit. The conductor having a meandering shape may also be provided within the base. 

According to the above-described chip antenna of the first embodiment, since there is provided an anti- 
resonance circuit, which is inserted in an intermediate portion of a conductor and connected electrically in 
series, the conductor resonates at a first frequency. With respect to a second frequency at which the anti- 
resonance circuit resonates, the state is reached which is equivalent to that in which from the position of 
the conductor at which the anti-resonance circuit is connected to the other end, that is, a second conductor, 
is opened.lf the length from one end of the conductor to the position at which the anti-resonance circuit of 
the conductor is connected, that is, the length of the first conductor, is set so that the first conductor 
resonates at the second frequency, this chip antenna can have the first frequency corresponding to the 
length of the conductor and a second frequency corresponding to the length of the first conductor as 
resonance frequencies. 

Therefore, it is possible to realize an antenna having two different resonance frequencies by one chip 
antenna. As a result, this can be used, for example, for a winding-up antenna for a portable telephone set, 
and an antenna in which transmission and reception are shared. 

By setting the total length of the conductor, and the length from the power-feeding terminal to the position 
at which the anti-resonance circuit is connected, that is, the length of the first conductor, at any desired 
value, it is possible to set two resonance frequencies at any desired values. 

Further, since the anti-resonance circuit is formed of an LC parallel resonance circuit, it is possible to 
house the anti-resonance circuit within a base formed of a dielectric material, which forms the chip 
antenna, or to mount it. 

Since the band width of the first and second frequencies is determined by a stray capacitance generated 
between the conductor of the chip antenna and the ground of the mobile communication apparatus 
mounting the chip antenna, it is possible to realize a small chip antenna having a wide band width without 
enlarging the chip antenna itself. 

Further, since the anti-resonance circuit is mounted within the base, a smaller size of the chip antenna can 
be achieved, the aging of the anti-resonance circuit is decreased, and the durability is increased, making it 
possible to enhance the reliability of the chip antenna. 

As in the chip antenna of the first embodiment, since the capacitance element which forms the anti- 
resonance circuit is mounted within the base as a capacitor electrode, the variable range of the 
capacitance value of the capacitance element is increased. Therefore, it is possible to increase the variable 
range of the second frequency. 

Further, as in the chip antenna of the first embodiment, since the inductance element and the capacitance 
element which form the anti-resonance circuit are mounted as a coil electrode and as a capacitor electrode 
within the base, respectively, a fine adjustment of the inductance value of the inductance element and the 
capacitance value of the capacitance element is possible at the design stage, and the first and second 
frequencies can be determined with high accuracy at the design stage. 

Fig. 8 shows a see-through perspective view of a second embodiment of a chip antenna according to the 
present invention. A chip antenna 20 comprises, within a rectangular-parallelepiped base 21 having barium 
oxide, aluminum oxide, and silica as main constituents, a conductor 22 wound in a spiral form along the 
length direction of the base 21, comprises, on the surface (one main surface) of the base 21, an LC parallel 
resonance circuit 23, which is inserted in the intermediate portion of the conductor 22 and which is 
connected electrically in series with the conductor 22, and comprises, on the surface of the base 11, a 
power-feeding terminal 24 for applying a voltage to the conductor 22. 
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The conductor 22 is separated into a first conductor 221 and a second conductor 22 by the LC parallel 
resonance circuit 23. The LC parallel resonance circuit 23 is formed of a variable chip coil L2, which is an 
inductance element, and a variable chip capacitor C2, which is a capacitance element, which are 
connected in parallel. 

One end of the first conductor 221 , which is one end of the conductor 22, is extended out on the end 
surface of the base 21, forming a power-supply section 25, and is connected to the power-feeding terminal 
24. Further, the other end of the first conductor 221 is connected to one end of the variable chip coil L2 and 
one end of the variable chip capacitor C2 via a viahole 26. Further, one end of the second conductor 222 is 
connected to the other end of the variable chip coil L2 and the other end of the variable chip capacitor C2 
via the viahole 26. Further, the other end of the second conductor 222, which is the other end of the 
conductor 22, forms a free end 27 inside the base 21. With such a construction, the conductor 22 formed of 
the first and second conductors 21 1 and 222, and the LC parallel resonance circuit 23 become connected 
in series with each other. 

The equivalent circuit of the chip antenna 20 of Fig. 8 is the same as in the case of the chip antenna 10 of 
Fig. 1, which is shown in Fig. 3. 

Table 2 shows a gain of the chip antenna 20 in the case when the inductance value of the variable chip coil 
L2 which forms the LC parallel resonance circuit 23 is fixed to 3.0 nH, and the capacitance value of the 
variable chip capacitor C2 is set at 5.0 to 25.0 pF. 

The length from one end of the first conductor 221 of the chip antenna 20 to the other end is about 100 
mm, and the frequency at which the first conductor 221 resonates is approximately 750 MHz. In Table 2, f2 
is a calculated value of the second frequency at which the LC parallel resonance circuit 23 resonates, 
which is determined by the inductance value of the variable chip coil L2 and the capacitance value of the 
variable chip capacitor C2. 
ld=[Table 2] Columns=4 

Head Col 1: L [nH] 
Head Col 2: C [pF] 
Head Col 3: f [MHz] 
Head Col 4: Gain [dBd] 
3.05.01299.5-20.3 
3.010.0918.9-9.2 
3.015.0750.3-3.5 
3.020.0649.7-6.3 
3.025.0581.2-11.0 



It can be seen from this Table 2 that when the second frequency f2 at which the LC parallel resonance 
circuit 23 resonates nearly coincides with the frequency at which the first conductor 221 resonates (L = 3.0 
[nH], C = 15.0 [pF]), the gain of the chip antenna reaches a maximum. That is, by adjusting the 
capacitance value of the variable chip capacitor C2, the second frequency f2 at which the LC parallel 
resonance circuit 23 resonates can be adjusted, and as a result, it is possible to obtain a chip antenna 
whose antenna characteristics become most satisfactory when the second frequency f2 at which the LC 
parallel resonance circuit 23 resonates coincides with the frequency at which the first conductor 221 • 
resonates. 

This is due to the fact that when the frequency at which the LC parallel resonance circuit 23 resonates 
coincides with the frequency at which the first conductor 221 resonates, the LC parallel resonance circuit 
23 does not hinder the resonance of the first conductor 221. 

According to the chip antenna of the above-described second embodiment, since a variable chip capacitor 
is used as the capacitance element which forms the LC parallel resonance circuit, the second frequency at 
which the LC parallel resonance circuit resonates can be adjusted by adjusting the capacitance value of 
the variable chip capacitor. As a result, it is possible to obtain a chip antenna whose antenna 
characteristics become most satisfactory when the second frequency at which the LC parallel resonance 
circuit resonates coincides with the frequency at which the first conductor resonates. 
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Fig. 9 shows a see-through perspective view of a third embodiment of a chip antenna according to the 
present invention. A chip antenna 30 comprises, within a rectangular-parallelepiped base 31 having barium 
oxide, aluminum oxide, and silica as main constituents, a conductor 32 wound in a spiral form along the 
length direction of the base 31, and first and second LC parallel resonance circuits 331 and 332, which are 
inserted in the intermediate portion of the conductor 32 and which are connected electrically in series with 
the conductor 32, and comprises, on the surface of the base 31 , a power-feeding terminal 34 for applying a 
voltage to the conductor 32. 

The conductor 32 is separated into a first conductor 321, a second conductor 322, and a third conductor 
323 by the first and second LC parallel resonance circuits 331 and 332. The first LC parallel resonance 
circuit 331 is formed of a coil L31 , which is an inductance element, and a capacitor C31 , which is a 
capacitance element, which are connected in parallel. The second LC parallel resonance circuit 332 is 
formed of a coil L32, which is an inductance element, and a capacitor C33, which is a capacitance element, 
which are connected in parallel. 

One end of the first conductor 321 , which is one end of the conductor 32, is extended out on the end 
surface of the base 31, forming a power-supply section 35, and is connected to the power-feeding terminal 
34. Further, the other end of the first conductor 321 is connected to one end of the coil L31 and a capacitor 
electrode 361 which forms a capacitor C31 inside the base 31. 

Further, one end of the second conductor 322 is connected to the other end of the coil L31 and a capacitor 
electrode 371 which forms the capacitor C31 inside the base 1 1 . The other end of the second conductor 
322 is connected to one end of the coil L32 and a capacitor electrode 362 which forms the capacitor C32 
inside the base 31. 

Further, one end of the second conductor 323 is connected to the other end of the coil L32 and a capacitor 
electrode 372 which forms the capacitor C32 inside the base 1 1 . The other end of the third conductor 323, 
which is the other end of the conductor 32, forms a free end 38 inside the base 31 . With such a 
construction, the conductor 32 formed of the first, second, and third conductors 321 to 323, and the first 
and second LC parallel resonance circuits 331 and 332 are connected in series with each other. 

In the chip antenna 30 with this construction, the conductor 32 resonates at the first frequency f1 . With 
respect to the second frequency f2 at which the first LC parallel resonance circuit 331 resonates, the state 
is reached which is equivalent to that in which from the position of the conductor 32 at which the first LC 
parallel resonance circuit 331 is connected to the other end, that is, the second and third conductors 322 
and 323, are opened. If the length from one end of the conductor 32 to the position at which the first LC 
parallel resonance circuit 331 is connected, that is, the length of the first conductor 321 , is set so that the 
first conductor 321 resonates at the second frequency f2, the first conductor 321 resonates at the second 
frequency f2. 

With respect to the third frequency f3 at which the second LC parallel resonance circuit 332 resonates, the 
state is reached which is equivalent to that in which from the position of the conductor 32 at which the 
second LC parallel resonance circuit 332 is connected to the other end, that is, the third conductor 323, is 
opened. If the length from one end of the conductor 32 to the position at which the second LC parallel 
resonance circuit 332 is connected, that is, the length such that the lengths of the first and second 
conductors 321 and 322 are added together is set so that the first and second conductors 321 and 322 
resonate at the third frequency f3, the first and second conductors 321 and 322 resonate at the third 
frequency f3. 

As a result, the chip antenna 30 can have as resonance frequencies the first frequency f1 corresponding to 
the length of the conductor 32, the second frequency f2 corresponding to the length of the first conductor 
321, and the third frequency f3 corresponding to the length such that the lengths of the first and second 
conductors 321 and 322 are added together. 

According to the chip antenna of the above-described third embodiment, since there is provided two LC 
parallel resonance circuits which are inserted into an intermediate portion of a conductor and which are 
connected electrically in series with each other, it is possible to realize an antenna having three different 
resonance frequencies by one chip antenna. 

Fig. 10 shows an RF block diagram of a portable telephone set, which is an ordinary mobile communication 
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apparatus. A portable telephone set 40 includes an antenna ANT, a transmission circuit Tx and a receiving 
circuit Rx, which are connected to the antenna ANT via a switch SW, and a housing 41 which covers the 
switch SW, and the transmission circuit Tx and the receiving circuit Rx. 

The transmission circuit Tx comprises a low-pass filter LPF, a high-output amplifier PA, a band-pass filter 
BPF, and a mixer MIX, and the receiving circuit Rx comprises a low-noise amplifier LNA, a low-pass filter 
LPF, and a mixer MIX. 

Therefore, it is conceivable to use the chip antennas 10, 10a, 10b, 20, and 30 shown in Figs. 1, and 6 to 9 
as the antenna ANT of the portable telephone set 40 shown in Fig. 10. 

According to the portable telephone set of the above-described embodiment, since one chip antenna 
having a plurality of different frequencies is used as the antenna, it is possible for one antenna to perform 
transmission and reception of radio waves at a plurality of different frequencies. Therefore, it is possible to 
form the mobile communication apparatus into a smaller size. 

Although in the above-described first to third embodiments a case is described in which a base is formed of 
a dielectric material having barium oxide, aluminum oxide, and silica as main constituents, the base is not 
limited to this dielectric material, and a dielectric material having titanium oxide, and neodymium oxide as 
main constituents, a magnetic material having nickel oxide, cobalt oxide, and iron oxide as main 
constituents, or a combination of a dielectric material and a magnetic material may be used. 

Further, although a case is described in which one conductor is used, a plurality of conductors, which are 
disposed in parallel to each other, may be provided. In this case, it is possible to further increase the 
number of resonance frequencies according to the number of conductors. 

In addition, although a case is described in which one or two anti-resonance circuits are connected in 
series with a conductor, and the chip antenna has two or three resonance frequencies, by connecting three 
or more anti-resonance circuits in series with the conductor, it is possible for the chip antenna to have four 
or more different resonance frequencies. As a result, when, for example, the chip antenna has four 
different resonance frequencies, it is possible for one chip antenna to transmit and receive radio waves of a 
plurality of mobile communication apparatuses, such as a pager, a PHS, and a portable telephone set. 

Further, although in the first embodiment a case is described in which a capacitance element and an 
inductance element are disposed inside a base, a part thereof may be provided on both main surfaces of 
the base. For example, there is a method of providing one or a part of the capacitor electrodes which form 
the capacitance element or a part of coil electrodes which form the inductance element on both main 
surfaces of the base. In this case, since the part formed on the main surface of the base can be trimmed 
easily by a laser or the like, it is possible to easily adjust the frequency at which the anti-resonance circuit 
resonates and to improve the characteristics of the chip antenna. 

While the invention has been particularly shown and described with reference to preferred embodiments 
thereof, it will be understood by those skilled man in the art that the forgoing and other changes in form and 
details may be made therein without departing from the spirit of the invention. 
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Claims 



1. A chip antenna (10, 10a, 10b; 20; 30) comprising: a base (11, 11a, 11b; 21; 31) comprising at a east one 
of a dielectric material and a magnetic material; 

at least one conductor (1 2, 1 2a, 1 2b; 22; 32) provided at least one of within the base and on the surface of 

the bdS6' 

an anti-resonance circuit (13, 13a, 13b; 23; 331, 332) inserted in the intermediate portion of said conductor 
(12, 12a, 12b; 22; 32) and electrically connected in series; and --k.-m.«\ 
a power-feeding terminal (14, 14a, 14b; 24; 34) provided on the surface of said base (11, 11a, 11b, 21, 31) 
and electrically connected to one end of said conductor (12, 12a, 12b; 22; 32). 



2 A chip antenna (10, 10a, 10b; 20; 30) according to claim 1, wherein said anti-resonance circuit (13 13a 
13b; 23; 331; 332) is an LC parallel resonance circuit comprising an inductance element (L1; L2; L31, L32, 
and a capacitance element (C1; C2; C31, C32). 

3 A chip antenna (10, 10a, 10b; 20; 30) according to one of claims 1 and 2, wherein at least one of the 
inductance element (L1; L2; L31, L32) and the capacitance element (C1; C2; C31, C32) which constitutes 
said anti-resonance circuit (13, 13a, 13b; 23; 331, 332) may be a variable element 

4. A chip antenna (10, 10a, 10b; 30) according to one of claims 1 to 3, wherein said anti-resonance circuit 
(13, 13a, 13b; 331, 332) is mounted within said base (11, 11a, 11b; 31). 

5. A mobile communication apparatus, comprising: 

a chip antenna (ANT) according to one of claims 1 to 4; 

a transmission circuit (Tx) connected to said chip antenna (ANT); 

a receiving circuit (Rx) connected to said chip antenna (ANT); and 

a housing (41) which covers said chip antenna (ANT), said transmission circuit and said receiving circuit. 
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^ i ? k ib i 2 mwi®. t zimmmi t -r 

[00383 LM { oT, l-5«f777>'fttS ; Sr 

h2^^wmm.^i.hry^^^m-hz\'ti) ii 

[003 9J #fl«7>*ft, 



» 1} > * 



(5) ^^11-31913 



[0040] zbiz. Rgmisis&ZLcmimmisiB&T 
frt>%&muzmmi-fi: t ). *g®ut9-t&c:k#*rft 
[004 1] tti, mimf^2m^m.^ms^-/ 

ZZt&X'SZ. 

[ 0 0 4 2 ] § h R*«lHlSS*<Sf*:tl*im$iX«,^ 

[0 04 3] ^KDHSfiCT^f-yrrVT-i-OJ: 
7 f y^m®kLTg*tcfljiS-f&C:kfc:<J:'9, 

[0 044] SfcC miOSS£CTcO^ /rr>-^^ 

-f/HE8ikLT. Jf^/^^^mayfV+fi 

xa >m>yz.%=f-<r)4 y *t-*r**s9 
yxm^<n®mm<rffimm-tfi~*smx'h o . whswcjs 

1 &t/§& 2 jsj&it < mfctz z tare**. 

[004 5] *5fflUZ&&l--y7TyTl-COm 

k^&m#*#tf>g*2 KOrtSWC. 38*2 
|6Kc!Mfcttfc«iaiS*l6aW»c2 2trfflli. 2S*£2 1<Dgl 

2 2 t«JRWfcBJ«Stt$il6R««ag»-C** LCI 
?«iIIIIS§2 3 2£*1 1<^IC 3**22fc 
mESr Bttnt S fctfxfcttWlMHF- 2 4 £ fix & . 
[0046] *LT, #*2 2{iLCM?'J^SIaISS2 3 
K:J:>)»1**2 2 1 fcj|S2**2 3i:(c4M*3;h.4. 

LCM?iJS*ill]S§2 3J4MWfc:«««*lfc^ 

[0 04 7] Srfc. *#2 2«0-»C**JBl#*2 2 
lO-Wi. mWL2 \<nm&1&\\S&Ztditm2 5 k=5r 
OtftWMT24lc«KSfi«. Kli»22l 

2 c7)-^at^r$:^ -y 73 y^yy-c 2 «o— JBKSSR3 

Sfcfc, »2#*2 2 2<0-«tt, fc*T*-/U2 
6 £tt UT^ggf- y r 3 -f ;H_ 2 cOffi^St/W^ -y 7* 
3Vr>- 1 fC20ffiS(c^$ixS. m^-22<r> 

?mxhh%2&<&2 2 2commz. mm2 lnftux- 



tfSf52#*22 1, 2 2 2T8lj£$iX-&^*2 2kLC 
[0048] 5r*S. I8«f777yft2 OCO3H10 

[0 04 9]«2tC» LCMfJ;*«0&2 3£tij£-f& 
"I^f--y7"3^f;l'L2c7)^y^'^^>'^11S:3. OnH 
fcSSgU ■5]^^- y7*3>'T>"9-C2<7)i:i1i5:5. 0 
— 25. OpFK t - 777Vft20 <Of "]# 

[00 5 0] ^-^^^-^2001^1^*22 
1 <50-«8*^fffi3S^f^?Jii^ 10 0 mmX'fr 0 . IS 

ii{*2 2i asww in %mizm soMHzts 

S. ^24>t3fc^T, f 2J±. "J^f- yr3>f;U 

L 2 tfM ? yxffik y 7*3 >-r >^C 2 W 

saffik 4 l emmmmfo 2 3 *^^-r hw. 

[005 1 ] 
[^2] 



L 


C 


f 




[nH] 


[pF] 


[MHz] 


[dBd] 


3.0 


5.0 


1299.5 


-20.3 


3.0 


10.0 


918.9 


-9.2 


3.0 


15.0 


750.3 


-3.5 


3.0 


20.0 


649.7 


-6.3 


3.0 


25.0 


581.2 


-11.0 



[0 0 5 2] Z.<F>m.2frt>^ LCM?'J£3rIe]S82 3* { & 

m^hw.2w^m.f 2 tmi^*2 2 itf*mt&m%i 
mtmm-mi-tts (l=3. 0 [nH] . c=i 

5. 0 [pF] ) ^-•y7"T>-r^fiJ#*^7<l- : 5: 
4-k* J *>*^. -r=5r*>*>. ^i--yyay^y^-C2 

cv®m.<m:mm-hzbt,zi.y) . LCM59ftfiigiS2 3 

3&9«W-*»2JI|«»f 2#«TK -?-OiSm. LC 
M?U^fi[mS&2 3*<ftffi^4m2jgjS^f 2tSli* 
2 2 1*^«-r4Jl^SkA i -^-tS^C. TV??* 
tt**fit» ft^k &Sf- y 7'T >T"75r#4 - k 

[0053] LCM?iJ*J||DlK2 3 *<*fi-t4 

k#. LCM?iJ«SIh!S&2 3#, 11^*221(^1 
SJ5fU< %%>tz*hX'h&. 
[0 0 54] ±MLtif&2cr>mMM<?)*-yTTy7-1-lz 

7-5: ^T'^ y 7*3 yfyft Vtztzib. *J^J- y 73 >- 

t y-to^sfflSrisiE-ri. i k j: o , lc m*iim® 
mtfmttzm2ffimitmsre% . -e^s. lcm 
?e«iia»*9«w s ^ 2 juifcgsc k ^ i «** { *jg-r s 



(6) 



WWPFl 1-31913 



[0 0 5 53 09£» *®miiZ&h*v7T-s 1 rmft 

t-rsa**^s*3 l^rtgp^. s«s3 ic5s#sr 

Wfc«tt*fc*GISK.***3 2i:* ®f*3 2«+ISia5 

@SST'J>.g.B 1 Rtf*2 LCM«S@]8&3 3 1.33 
2fct«i. S»3 lrtWBIi, ^3 2CmffiS:£P»n 

•r & tztbotewmm? 3 4 * fit* * . 

[00 56] *LT. ?Stt3 2(2SfSl&tfS&2LCM?iJ 
#HBft33 1. 3 3 2fcJ:'5*l#*3 2 1i:*2* 
#3 2 2t*l3*«E3 3 3fc^MiSn6. »1L 
CM?"JftSlslS83 3 1 ttlfeflfcSBKSfifc'f 9 V 
ASfT*63'f/l'L3 1 fcdf^^^V^S^TJbS 
nyfvtcsit^W 1 ). ^2LCM?"Jft«tlI583 
3 2l±MJilfc&8§*Ut'f y^^y^t*S3>( 
/U-L3 2t^^^^fftJ.S3yfyt C 3 2 

[00 57] »»3 2<0-«"CJb&*lW*3 2 

KO-Wi. Sf*3 l£T)SBt3ai#tB$ix*SSgi53 5 k 
*"3ifr*fflWF3 4i:«*3iT.*. £Sl#tt3 2 
l^tWi. **3 l«>rt«CirtvC3 4JML3 1<0- 
JSStfa^T^CS l£fi§j£-r&3>'7 t >~9-«Si3 6 

lt^Msns. 

[00 58] 3$>fc» SH23£#3 2 2C0-S[§{±, gttl 

i<^)i*i^fcv^3-f^L3 l^MS^yfyfC 
3 l£*8i£-$-63>'T>'-rB:fii3 7 lfc&gBStiS. * 
/£. S2f*3 2 2<?)Wi. Sf*=3 lOrtSB^fcV^T 
3^;l/L32 JBStfa yfyfC3 2 & a 

yfytti3 6 2t:^W. 

[00 59] SfS3g*3 2 3<D-ffii±, *#1 

1 cOI*lSBCfcV 3 4 A-L 3 2 OflilS&tf ^ Vt-V-^C 
3 2Sr^-r-l.3^7 i >' H ^fiS3 7 2^JSM$ixi>. * 
fc. ^*3 2<0ft«T'**»3«I*3 2 2«, & 

#a i<?3rtS!tt3v^a*si83 8*^-rs. ^<t5 

*»ftfcJ:9. *1, *2*tf*3S*K3 2 1~3 2 3 
2 kSS 1 mf%1 L CM^ffimSS 
33 1, 3 3 2k*WJi&l&k5:&. 
[0 0 6 0] £<0»JfcO*>yrry-7^3 0fc;feVvC. 

#*3 2J4»i«aaRf *i LC 

Mn^smn 3 3 1 tmmt * * 2 h»* f 2 k» i/c 

(i, »fr3 20S 1 LCM?i]itffi0SS3 3 1 otfgSE&X 

aphmmt-c. -r%*>nm2&xs&3m#3 22. 32 

3*TOSftfcttJ!lfc*«=&'J* W*3 20-«*»4> 
mi LCM5'JSHHIS§3 3 1 <D$JgtiS£T-<7*ftS . "f 
3 2 14>fiS**2JB«ftf 2fc#S3 
tfftJdfcW&fM*. *l3W*3 2 1tt*2JSI*Rf 

[ 0 0 6 1 ] »2 LCJ6J©WEI»3 3 2#£S 



**»3H**f 3fc**L-ttt, »»3 2*0*2 LCM 
*BWE»3 3 2«18Kffi«a»fcfOT±'e. -r=5:;b*>* 

3^*3 2 3 &m&z titi^m t mmi~% o . mt£3 2 

C0-S*^*2 LCM?J*ffi0883 3 2*>**tMWC 
CO^S, ■«ri>'feJlll*«t3 2 1 kSS23S#3 2 2k£ 
fcU&ft3«B3Htt*f 3 J: 3 (c»3^- 
Wf, »lRtflR2**32 1. 3 2 2(4*3ia^f 

[006 2] f-yrrVT"*-3 0Ji> ^#3 

2<0*3fc«fcfc*l«S*f 1. H«*321^ 
Sfcj6tfc*2JSHH*f 2. at/mi^«s3 2 1k*2 
3«fc3 2 k £>fc KJS5 fcfcSS 3 jgaSR f 3 k SrS 

[0063] ±MLtzm3cr>mMM^-yyTy^-r^ 
^v-ryy^x-Wih 3m&mmwmzffit&T> 

[ 0 0 6 4 ] H 1 0 1 . — Mf^&WlfcMiafflCZ*fo&i% 

^m^soRFT'n y^iasr^-r. fmvg£4 o&, r 

yffANTL X^7fSWS^LtryftANT 

fSW, j£fIlI|irrxRtf£«E]RRx£#A-i-£e£ 
#4 l k£*tf. 

[ 0 0 6 5 ] * , smiiiikt xi±, w&mm? < ;u 

?lpf„ ^sai^iiiliSsPA. HH&ffia? -f /i-? B P F 
M^$*-9-MIX-C8t(£S*U WBBOBRxtt* imst 
iBHiijLN A s tt«ij|7<^LPFRV5WMI 

[0066] Ute*«-aT. Hi. H6~H9C7js-r^>y 
7ryffl0, 10a, 10b, 20, 30Sr,lll 

0fc*t«1IWIS»4 ocory^ANT^fflv^^k 
[0067] jj*osoi^<o»«WB»fc J war. 

S*. L^*^-C,»l!)frafi«S$:«^-r^-k* s 
*mk&6. 

[0068] ±jfiOJB 1 ngX3rtgMM£.iS^ 

^S±jS»k-rS^®W«K«J: 0«*3*i*«^fc^>^ 
■CKBBtfc* 1 . S*k l/tl±£*>8«WfW=IWe3*«.* 

M-(t--yT^^ K-ftn^hs S?-(t^Sr 
[ 0 0 6 9 ] 1 *«*&C?^t8H!t,fc 



(7) 



WIST 11-31913 



[0070] 2<5>fc:, &#Clo$>6<,Mi;2o<y)R£3i 
3om±<7)K*SIllSSSriS?iJSf^i-S -I t fc i 0 , f - y 

rryft^s 4ojjLh<oftSJiJ&ifc£*r-r& - 1 

[007 1] £&{C. mi^H*fiW=fcV^T. df-v^ 
[0072] 

mzv&xoizmitttiii. £«t»7rmtt, « 

[00 7 3] Lfc**o"t, l-?(Of7 7TyftT« 

*"3. -fog*, Mi.{f, si^mtsffl^trooryx 

6. 

[ 0 0 7 4 ] ±fc , &tfl&WBWFa»fcK 

[ o o 7 5 ] $ £ t . *ftanamtf?**HW* x rr 
aw^f f t^mizm.-tmmma.izx vv&zti 

[0076] m^m2^-yyryy-i-{zXfHi. 



^.^§LCM?iJ^[hIS8T«^LT^|.^, -?-cy>fy 
[007 7]||*ll3Of"rrr>'^-|Cj:tltf. R£ 

[0078] li^l4(7)f--yrr>'Tr-M-J:^{f, Rft 

[0079] mi&%5<rmmtmimi,z£ix\f. r>-f 
ym&mLx^&t:*). lowryftts s&s 

[Hii *3m<r>+ y 7T yr-r t,zi&&mi crmum?) 
[H2] mi^-yyryr-i-co^mmmmx'hh. 

[H3] HlcO^>yrr>-r^^«ia8&llT*)S. 
[H4 ] m 1 cof-yT-r^f^coKafflBfeaWME^ft 

mt^^tmx'hh. 

[05] laicof- yrr^^A^^ytr-^yx^ 
[06 ] m i ^yy'TyT-t-cogmmzTji-tmimm 

0T*>S. 

[07] micr>+-y7Ty^<r>ftin3mmz*-tm$i 

®®MX-t>h. 

[08] *3&Jlcr>1-yTTyTTlz%2>&2commmcD 

[09] *%Bj^yrr>^fc^s^3osyt0«<7) 

mMffi0T'S)S. 

[010] H^M¥ttftittSMOR F /o vimX'h 

h. 

[0i i] (s!*coru>-hry7 : "^S:^-rjbffi0-i:'fc 
[»^iaHB] 

lo. 20. 3 0 -r-yrryT-T 
11,21.31 m& 

1 2,22.32 agfls 



(8) 
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13. 23, 331. 332 

14, 24, 34 SSmfflig^ 
4 0 BttftiMSW 

4 1 g# 

[HI] 



R*aSB (LCI 




513 

v 

13 



[B3] 



ANT r>ft 

CI. C2. C31. C32 
LI, L2, L3 1, L32 
Rx SfSQIK 

tx mmmm 

[02] 



i 



— 19 




M1 



2a 2b 17 2c 2d 





[04] 




790 



BWa 850 BWb 
S»ft(MHz) 



910 



5MBW*W«*5e»-TB26»l<«- 



